Abstract A novel, efficient and magnetically recoverable nanomaterial consisting of heteropoly acid supported on ionic liquid-modified copper ferrite nanoparticle was prepared and performed as a heterogeneous catalyst in the fast and convenient synthesis of 1H-pyrazolo[1,2-b]phthalazine-5,10-dione derivatives under mild and solvent-free conditions. The synthesized nanomaterial was characterized with FT-IR, XRD, FESEM, TEM, ICP and VSM. Furthermore, the obtained nanomaterial displayed striking reusability in the titled catalytic reaction. Compared with the various previously reported catalysts, the newly synthesized nanocatalyst is found to be most efficient with regard to operation simplicity, reaction time, yield and ease of catalyst separation.
Introduction
In recent years, considerable attention has been devoted to multi-component reactions (MCRs) due to their widespread applications in organic, medicinal and green chemistry. MCRs reduce the number of steps, reaction time, use of solvents and by-products [1] . Furthermore, their simplicity, efficiency and cost-effectivity make them more attractive and useful in drug design [2] . MCRs have now been well used as an excellent synthetic method for the preparation of heterocyclic compounds. Nitrogen-containing heterocyclic compound, especially heterocycles containing bridgehead hydrazine, has attracted (immense or considerable) attention because of their pharmaceutical and biological properties. For example, 1H-pyrazolo[1,2-b]phthalazine-5,10-diones were reported as the anti-inflammatory, analgesic, anti-hypoxic, anti-pyretic agents [3] .
There are several methods and different catalysts reported in the literature for the synthesis of 1H-pyrazolo[1,2-b]phthalazine-5,10-diones such as use of ultrasonic irradiation [4] , supported caesium carbonate [5] , CuI nanoparticles [6] , Al-KIT-6 [7] , NiCl 2 .6H 2 O [8] , InCl 3 [9] . SBA-supported sulfonic acid [10] , p-toluenesulfonic acid [11] and basic ionic liquid [12] . Most of the aforementioned techniques suffer from drawbacks such as prolonged reaction time, poor yields, pollution caused by toxic catalysts and solvents, numerous tedious steps and use of expensive catalysts or reagents which lead to restricted use of these derivatives in practical applications. Therefore, research on 1H-pyrazolo[1,2-b]phthalazine-5,10-diones and finding a novel catalyst would be highly desirable.
On the other hand, room temperature ionic liquids (RTIls) are suitable reaction media for synthesis [12] , catalysis [13] , separation and extraction [14] which have attracted much interest among chemists. However, cost and viscosity are two major obstacles for their widespread industrial applications. Therefore, immobilization of ionic liquids on the surface of solid supports could be a good methodology to overcome these problems.
The choice of an efficient support is one of the most crucial steps in catalyst systems because an efficient . Therefore, copper ferrite (CuFe 2 O 4 ) as a typical ferromagnetic oxide with spinel structure has high thermal stability, moderate magnetization and considerable chemical stability and could be excellent support for homogeneous catalysts. So, by immobilization of ionic liquids on the surface of copper ferrite nanoparticles, the advantage such as high surface area and reusability could be achieved.
To the best of our knowledge, there is no report of magnetic ionic liquid-supported H5BW12O40 as a heterogeneous catalyst. In this paper, we present the preparation and characterization of magnetically recoverable 1-(copperferritesiloxypropyl)-3-methylimidazolium heteropolytungstate ionic liquid nanoparticles and evaluate its catalytic activity in the synthesis of 1H-pyrazolo[1,2-b]phthalazine-5,10-diones under solvent-free conditions (Scheme 1).
Experimental

Material and instrumentation
All reagents and starting materials were purchased from Merck and Sigma-Aldrich chemical companies and were used as received. Fourier transform infrared spectra were recorded on 8700 Shimadzu Fourier transform spectrophotometer using KBr pellets in the region of 400-4000 cm -1 . The powder X-ray diffraction (XRD) pattern was recorded with Philips PW1730 X-ray diffractometer. Field emission scanning electron microscopy (FESEM) photographs were obtained using Hitachi S-4160 microscope. Magnetic susceptibility measurements of nanoparticles were taken using a vibrating sample magnetometer (VSM) (BHV-55, Riken, Japan) at room temperature. Elemental analysis was performed by inductivity coupled plasma on Varian, Australia, ICP-OES, model Vista Pro spectrometry. Melting points were measured using the capillary tube method with a Barnstead electrothermal type 9200 melting points apparatus. The progress of the catalytic reaction was monitored by thin layer chromatography. 2 O with molar ratio of 1:2 in basic solution, as reported by Dandia et al. [16] .
Catalyst preparation
Synthesis
Preparation of ionic liquid-modified magnetic nanoparticles (ILMNPs)
First of all, CuFe 2 O 4 (1 g) was dispersed in 100 ml of toluene and ultrasonicated for 10 min, and then, chloropropyl trimethoxysilane (2 ml) was added dropwise to the mixture and refluxed under dry nitrogen atmosphere for 24 h. The resulted chloropropyl-modified magnetic nanoparticles (ClpMNPs) were magnetically separated and washed with ethanol and dried at 70°C. Secondly, the obtained ClpMNPs (2 g) was suspended in 100 ml of acetonitrile, and then, 1-methylimidazole (4 mmol) and triethylamine (0.5 ml) were added to the mixture and refluxed for 24 h. The obtained ionic liquid-modified magnetic nanoparticles (ILMNPs) were collected by magnetic field and washed abundantly with ethanol and dried at 70°C .
Finally, ILMNPs (1 g) were suspended in 70 ml deionized water. Then, a solution of H 5 BW 12 O 40 (2 mmol) in 30 ml deionized water was added to the above mixture and stirred for 12 h. The resulted solid was collected by magnetic field and washed with ethanol and dried at 60°C.
Catalytic reaction
General procedure for the preparation of 1H-pyrazolo[1,2-b]phthalazine-5,10-diones 0.05 g of BW 12 -ILMNPs was added to a mixture of aromatic aldehyde (1.0 mmol), malononitrile (1.0 mmol) and phthalhydrazide (1.0 mmol). Then, the mixture was stirred at 80°C in an oil bath under solvent-free condition for the appropriate time as indicated in Table 4 . After the end of the reaction, which was monitored by TLC, the mass was cooled to 25°C and then was dissolved in boiling ethanol, and catalyst was separated by an external magnet. Consequently, the liquor was poured into ice. After the crude product was separated by simple filtration, the pure 1H-pyrazolo[1,2-b]phthalazine-5,10-dione derivative was obtained through recrystallization from ethanol. The product purity was determined by comparison with their physical data (melting point and FT-IR spectrum) with known compounds in articles. [17] . Therefore, the excess of HPA can be simply removed by washing the resulting material with water.
FT-IR spectroscopy
FT-IR spectra of the prepared CuFe 2 O 4 (a), ClpMNPs (b), ILMNPs (c) and BW 12 -ILMNPs (d) are shown in Fig. 1 [19] . The peak at 3400 cm -1 is attributed to the O-H stretching. The stretching vibrations at about 2935 cm -1 in the spectrum of ClpMNPs confirm the anchored propyl groups. In the FT-IR spectrum of ILMNPs, two new peaks at 1656 and 1533 cm -1 are belonging to stretching vibration of aromatic ring. Keggintype HPAs have four characteristic peaks in wavenumber region 750-1100 cm -1 , which in the BW 12 -ILMNPS spectra (Fig. 1d ) become manifest at 900 and 792 cm -1 (corner and edge sharing W-O-W vibrations) [20] . The attributed peak to the W=O stretching has interference from Si-O-Si stretching absorbance. The increase in the W-O-W stretching vibrations frequencies of prepared nanomaterial in comparison with neat HPAs is due to strong interaction between heteropoly anion and organic cation [21] . Accordingly, the FT-IR spectroscopy confirms the surface modification of magnetic nanoparticles and preparation of BW 12 -ILMNPs. Table 1 shows the chemical analysis of the prepared nanomaterial. It demonstrates the loading of heteropoly acid, where its loading amount is equal to the W content of the prepared nanomaterial. Accordingly, the loading amount of heteropoly acid is 0.145 mmol/g. On the other hand, the loading amount of nitrogen in BW 12 -ILMNPs is 1.41 mmol/g. Therefore, the amount of supported 1-methylimidazole is 0.705 mmol/g and the ratio of imidazolium group to heteropoly acid is approximately 1:5. Furthermore, acid-base titration was performed using a Metrohm 809 Titrando for evaluating the acidity of catalyst. The titration of acidic groups was accomplished using the catalyst slurry containing 50 mg of catalyst in deionized water, and a solution containing 0.01 M NaOH was used as titrant. The amount of titrant consumed to reach pH 7.5 revealed that the amount of acidic groups is about 0.697 mmol/g. Figure 2 depicts the X-ray diffraction of BW 12 -ILMNPs. The marked diffraction peaks can be assigned to the planes of cubic spinel structured CuFe 2 O 4 (JCPDS No. 250283). The broad peak appeared at 2 h of ca. 23°indicates that the silica layer around the CuFe 2 O 4 nanoparticles is in amorphous form. The prepared BW 12 -ILMNPs displays common diffraction peaks of CuFe 2 O 4 nanoparticles and silica layer around them. Generally, it indicates that heteropoly anion species are well dispersed on the surface of ILMNPs.
Chemical analysis
X-ray diffraction (XRD) study
FESEM study
The surface morphology and particle size of BW 12 -ILMNPs were studied by FESEM as shown in Fig. 3a . According to the FESEM images, it was confirmed that prepared nanoparticles are approximately spherical. Also, the aggregation gives rise to the increasing size of observed nanoparticles. The presented FESEM images of BW 12 ILMNPs display that the average size of these nanoparticles is in the range of 70-80 nm. Furthermore, Fig. 3b shows the size distribution of nanoparticles which is determined by measuring diameters of one hundred nanoparticles randomly selected on the FESEM images. As can be seen, the distribution is symmetric around 70-80 nm and the most of the particles have the size between 60 and 90 nm.
The chemical identity of ILMNPs and BW 12 -ILMNPs was confirmed by EDX analysis (Fig. 4) . The EDX analysis of ILMNPs (Fig. 4a) showed the presence of Fe, Cu, O, Si and Cl, whereas the EDX analysis of BW 12 -ILMNPs (Fig. 4b) Reaction conditions: benzaldehyde, malononitrile and phthalhydrazide (1:1:1 mmol) were mixed in the presence of 0.05 g of BW 12 -ILMNPs and were heated to 80°C under solventfree conditions applications, which prevents aggregation and enables it to redisperse swiftly after removal of magnetic field.
The study of thermal reliability Figure 6 shows TGA curves of the ILMNPs and BW 12 -ILMNPs heated under N 2 atmosphere at 10°C/min. As can be seen, the ILMNPs (Fig. 6a ) degrade in two steps, whereas the BW 12 -ILMNPs (Fig. 6b) degrade in three steps. It demonstrates that the third step in Fig. 6b is due to decomposition of heteropoly acid. The ILMNPs and BW 12 -ILMNPs start to lose weight at approximately 50°C which could be due to loss of water. The observed slope around 200-400°C leads to loss of weight that could be assigned to decomposition of anchored propyl and imidazolium group. Above 400°C, the supported heteropoly acid starts to decompose and the mass loss of it is about 18%.
Studying catalytic activity of BW 12 -ILMNPs in 1H-pyrazolo[1,2-b]phthalazine-5,10-diones synthesis
The best experimental route was procured via optimization of the catalysts amount (Table 2) , reaction temperature (Table 3) , reaction time (Table 4 ) and various catalysts (Table 5) . In order to peruse the appropriate amount of catalyst, 0-0.1 g of catalyst was added to a mixture of benzaldehyde (1 mmol), malononitrile (1 mmol) and phthalhydrazide (1 mmol) at 80°C under solvent-free conditions as the model reaction. Then, the mixture was stirred for appropriate time in an oil bath and the reaction was monitored by TLC.
After the completion of reaction, the crude product was purified as explained in ''Experimental'' section. The reaction did not occur in the absence of catalyst (Table 2 entry 1) which indicates that catalyst plays an important role in the reaction progress.
As is foretaste, yield % was increasing with raising catalyst amount; therefore, 0.05 g of catalyst was chosen as the optimal quantity.
Then the effect of temperature was scrutinized under solvent-free conditions for 10 min in the presence of 0.05 g of nanocatalyst, and 80°C was considered as optimal temperature (Table 3) .
Eventually the effect of time was studied and revealed that the excellent condition was solvent-free at 80°C in the presence of 0.05 g of catalyst for 10 min (Table 4) .
The catalytic performance of prepared nanomaterial was compared with previously reported methods ( Table 5 ). The superiority of the present catalyst in terms of reaction time and yield % is quite obvious. Furthermore, ease of catalyst separation, reaction conditions and economical aspects are other remarkable advantages of present methodology.
As given in Table 5 (entry 13), no reaction was done when ILMNPs was used as a catalyst. It demonstrates supported heteropoly acid is the active site for catalytic activity.
The obtained optimal conditions were exerted to a series of aromatic aldehydes containing either electron-donating or electron-withdrawing functional group in the ortho-, meta-and para-positions. The results are given in Table 6 . It appears that electron-withdrawing groups give rise to supreme yield of the products. Moreover, the applicability of reaction with aliphatic aldehydes under the optimized conditions was checked and observed that this reaction could not be done when the aliphatic aldehyde was used as a starting material.
Finally, the reusability of nanocatalyst was studied in model reaction under optimized conditions. After the separation of nanocatalyst by an external magnetic field at the end of the reaction, the catalyst was washed with ethanol and dried at 70°C under vacuum for 2 h. The recycled nanocatalyst was reused in another condensation reaction. Findings revealed that the nanocatalyst could be reused for at least five runs without significant loss of its catalytic activity as shown in Fig. 7 .
Conclusion
In this study, a novel and efficient nanocatalyst was synthesized by the reaction of ionic liquid-modified magnetic nanoparticles with heteropoly anion. The obtained nanocatalyst displayed supreme catalytic efficiency in onepot three component condensation for the preparation of 1H-pyrazolo[1,2-b]phthalazine-5,10-diones. In comparison with previously reported methods, the present nanocatalyst provides an easy and convenient methodology for the preparation of 1H-pyrazolo[1,2-b]phthalazine-5,10-diones. Some advantages of this procedure are operation simplicity, high yields, low reaction time, simple work-up, reusability and recyclability of magnetic nanocatalyst, avoidance of organic toxic solvents. 
